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摘  要 
随着国内航母战斗群的组建，对舰载无人机的需求日益迫切，而移动阻拦着
陆是舰载无人机亟待解决的关键技术。本文以此为研究背景，并结合中航工业杯
竞技组比赛任务要求，对无人机轮式移动阻拦着陆的制导与控制技术进行了研究。
为了保证飞行安全，还研究了无人机无动力自主着陆技术。本文主要内容如下。 
介绍样例无人机和飞行控制系统的组成。为开展控制律设计和飞行仿真，建
立无人机六自由度动力学模型。为提高模型置信度满足高精度控制要求，应用气
动参数辨识技术获取样例无人机部分关键气动参数。 
在标称轨迹制导法的基础上，引入 ALIGN 导航系统，实时测量无人机和移
动阻拦索的相对位置，动态平移标称轨迹，实现移动阻拦着陆。对基于 ALIGN
的导航信息的二次解算进行了详细描述（包括相对虚拟着陆点位置、高度信息的
解算）。基于等下滑角的标称轨迹设计是自动下滑着陆段的关键，本文根据样机
平衡状态考虑机体结构等约束条件确定下滑轨迹角。最后设计高度控制、速度控
制和航迹控制，开展飞行试验，试飞数据的分析表明基于 ALIGN 系统的制导方
案精度较高且稳定。 
考虑到无人机移动阻拦着陆与导弹追踪运动目标的任务具有相似性，为满足
大机动甲板着陆问题，本文基于比例导引法重新设计无人机移动阻拦着陆纵向末
制导策略。为了避免将噪声较大的过载信号引入控制系统，纵向比例导引律的视
线角速率指令直接解算升降舵舵偏。进一步开展空中模拟和真实着陆试验，验证
制导方案可行性，并通过试飞数据分析了导引比、配平舵面对着陆轨迹的影响。 
由于受到成本限制和维护能力约束，小型无人机动力系统失效概率较大，为
了保证飞行安全，本文研究无人机无动力自主着陆的制导与控制技术。根据制导
任务不同，将无动力着陆过程划分为能量管理段和自动着陆段。自动着陆段的任
务是控制无人机安全水平着陆，其关键是无动力下的标称轨迹设计。能量管理段
分成捕获段和螺旋下滑段，捕获段将无人机引导到跑道延长线上，螺旋下滑段通
过调整螺旋下滑轨迹的半径实现能量的管理和控制。本文详细设计无动力螺旋下
滑段的制导和控制技术，最后通过飞行试验验证其可行性。 
关键词：无人机  移动阻拦着陆  气动参数辨识  比例导引  无动力着陆 
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ABSTRACT 
With the construction of Carrier Battle Group in recent years, the demand of 
carrier-based UAV has been increasing, and the carrier-landing technology becomes 
more important. This paper takes this as the background and aims at the task of the 
2nd International UAV Innovation Grand Prix, research about guidance and control of 
moving landing is carried out. To ensure the flight safety, unpowered autonomous 
landing technique has been discussed at the end of this paper. Conclusively, the main 
work of this paper is described below. 
The platform formed by test UAV and flight control system is described. The 
UAV’s dynamic mathematical model of six degrees of freedom has been built, which 
are of great importance of control law design and flight simulation. Aiming at the goal 
of high accurate landing, aerodynamic parameter identification technique is applied to 
acquire certain key longitudinal parameters of the test UAV. 
Based on the nominal trajectory navigation method, this paper introduce the 
ALIGN system, which can measure the relative position between UAV and block 
rope in real time when the landing platform is heading. The application of ALIGN 
system is represented and guide information is re-calculated in detail, including the 
position relative to the virtual landing point. The key of autolanding stage is the 
nominal trajectory design, and the angle determined from the state of equilibrium is 
discussed. At last the control law of altitude trace, velocity keep and pathway trace, 
and the analysis of flight data indicated that the positioning accuracy of ALIGN 
system is high enough and stable. 
Considering the similarity of landing on a moving platform between the process 
of a missile intercept the target, and in order to land on the platform with large 
amplitude maneuvering, the proportional navigation is modified properly and applied 
to the longitudinal control of test UAV. Avoiding drawing the noise acceleration 
signal into control loop, an open proportional navigation control law has been 
designed, and the rate of pitch angle is used to generate elevator deflection directly. 
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Real flight tests have been carried out to verify the feasibility of the scheme, and 
influence on the flight path of gain and trim elevator has been discussed at the end. 
The guidance and control technology of unpowered autonomous landing has 
been studied, because the power system of small UAV is relative simple and it’s 
happened to lost power more frequently. The whole flight is divided into energy 
management stage and autolanding stage according to their different guidance task. 
The main task of autolanding stage is to control the UAV landing runway safely, and 
the key is the method of nominal trajectory design. The task of energy management 
stage is to guide the UAV to the window of autolanding stage, and the elimination of 
the error of energy and position is the key. The design technique of spiral radius is 
described in detail based on the test UAV, and flight test of spiral slide phase 
indicates that the strategy is feasible. 
Key words: UAV; moving stop landing; aerodynamic parameter identification; 
proportional navigation; unpowered autonomous landing 
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